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THE MARS 2 AND MARS 3 ORBITAL SPACECRAFT: 
RESULTS OF STUDIES OF THE SURFACE AND 

ATMOSPHERE OF MARS 

V. I. Moroz 

1. Introduction 

Six different experiments were carried on the Mars 2 and 
Mars 3 orbital spacecraft to study the physical parameters of the 
surface and lower atmosphere of the planet: 

the 8-40 p band [l, 2, 31; 

tens o f  centimeters and dielectric constant using radiation at 
3.4 cm wavelength [4]; 

planet from the intensity of the C02 bands around 2 p [l, 2, 51; 

narrow intervals from 3700 to 13,800 A [I, 2 ,  6 ,  71; 

intensity of the absorption band at 1.38 p [l, 2, 7 1 ;  

determine the density of neutral gas in the lower atmosphere and 
the electron density of the ionosphere [8]. 

1) measurement of the surface temperature by radiation in 

2) measurement of the soil temperature at a depth of several 

3) determination of relative altitudes on the surface of the 

4) photoelectric measurements of surface brightness in six 

5) measurement of H20 content in the atmosphere from the 

6) radio transmission through the atmosphere, in order to 

The infrared radiometer and photoelectric photometers at the 
C02 and H20 bands and the sectors of the continuous spectrum 
selected were briefly described earlier in [l, 2, 5, 6, 7, 91, 
the parameters of the radio telescope were presented in [4]. 
Table 1 presents a summary of the main characteristics of all 
the devices (field of vision, accuracy of measurements). The 
optical axes of all devices were parallel and the parameters of 
the surface and atmosphere were measured over the same areas of 
the planet. The brightness in the various wavelength ranges, - / 2  
*:Numbers in the margin indicate pagination in the foreign text. 
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s u r f a c e  and s o i l  t empera ture ,  d i e l e c t r i c  c o n s t a n t ,  a l t i t u d e ,  
p r e s s u r e  and H 2 0  c o n t e n t  i n  t h e  atmsophere were determined f o r  t h e  
same s e c t o r s .  

The in s t rumen t s  are r i g i d l y  connected t o  t h e  body of  t h e  
s p a c e c r a f t  and t h e i r  o r i e n t a t i o n  i n  a c o n s t a n t  d i r e c t i o n  dur ing  
measurements w a s  u s u a l l y  a s su red  by t h e  s u n - s t a r  o r i e n t a t i o n  
system of t h e  s p a c e c r a f t .  A s  t h e  p e r i c e n t e r  of t h e  o r b i t  w a s  
approached, t h e  in s t rumen t s  were tu rned  on f o r  s e v e r a l  minutes 
b e f o r e  i n t e r s e c t i o n  of t h e  limb by a s p e c i a l  o p t i c a l  s e n s o r .  The 
o p t i c a l  axes  i n t e r s e c t e d  t h e  p l a n e t  g e n e r a l l y  on a l i n e  c l o s e  t o  
a g r e a t  c i r c l e  and t h e  passage from limb t o  limb r e q u i r e d  about  
30 minutes .  Subsequent ly ,  w e  w i l l  r e f e r  t o  t h e  t r a c k  of  t h e  
o p t i c a l  a x i s  on t h e  s u r f a c e  of t h e  p l a n e t  as t h e  measurement 
t r a c k .  According t o  our  p re l imina ry  estimates,  t h e  accuracy of 
de t e rmina t ion  of t h e  measurement t r a c k  i s  1 - 2 '  accord ing  t o  t h e  
a reograph ic  coord ina te s .  

I n  t h e  experiments  [ l - 5 1 ,  a l l  t h e  r e s u l t s  produced r e l a t e  
t o  Mars 3. I t s  p e r i o d  of r e v o l u t i o n  i s  about  1 2  days.  F igure  1 
shows seven measurement t r a c k s  made by t h i s  s p a c e c r a f t .  

The d i s t a n c e  a t  t h e  p e r i c e n t e r  t o  t h e  s u r f a c e  of Mars changes 
s l i g h t l y  w i t h  e v o l u t i o n  o f  t h e  o r b i t  and v a r i e d  du r ing  t h i s  
p e r i o d  from approximately 1 0 0 0  t o  15,000 km. The f i r s t  t h r e e  
pas sages ,  1 5  December 1 9 7 1 ,  2 7  December 1 9 7 1  and 9 January  1 9 7 2 ,  
occur red  dur ing  a d u s t  s torm and as t h e  d u s t  s torm q u i e t e d ,  
whi le  t h e  remaining passages  occurred  a f t e r  t h e  end of  t h e  d u s t  
storm. In December, January  and February,  t h e  measurement t r a c k s  
corresponding t o  t h e  s u c c e s s i v e  d a t e s  of passage of  t h e  p e r i a r e s  
were s h i f t e d  r e l a t i v e  t o  each o t h e r  by approximately 90' of 
l ong i tude .  As  a r e s u l t ,  s i g n i f i c a n t  s e c t o r s  of t h e  t r a c k s  o f  
3 February 1 9 7 2 ,  16 February 1 9 7 2  and 28 February 1 9 7 2  passed  
c l o s e  t o  t h e  t r a c k s  of 15 December 1 9 7 1 ,  2 7  December 1971 and 
9 January  1 9 7 2 ,  and w e  have measurements f o r  t h e  same a r e a s  of  
Mars produced du r ing  a s torm (more p r e c i s e l y  du r ing  i t s  l a s t  
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s t a g e s )  and a f t e r  a storm. The t r a c k  of  1 2  March 1 9 7 2 ,  f o r  a 
number of r easons ,  has  n o t  y e t  been c o r r e l a t e d  t o  t h e  s u r f a c e  
s u f f i c i e n t l y  r e l i a b l y  and i t s  p o s i t i o n ,  shown on Figure  1, must 
be cons idered  approximate.  

I n  g e n e r a l ,  t h e  volume of  in format ion  produced by Mars 3 
i s  s i g n i f i c a n t l y  less  than  by Mariner 9.  However, Mars 3 
inc luded  experiments  which were n o t  c a r r i e d  on Mariner 9 a t  a l l  
( p h o t o e l e c t r i c  photometry i n  t h e  nea r  i n f r a r e d  and v i s i b l e  areas 
of t h e  spectrum, r a d i o  as t ronomica l  measurements), and as concerns 
t h e  experiments  s i m i l a r  t o  those  c a r r i e d  by Mariner 9 (IR r a d i o -  
metry,  o p t i c a l  a l t i m e t r y ,  measurement of H 2 0  c o n t e n t ) ,  t h e  
r e s u l t s  of Mars 3 a r e  of  i n t e re s t  n o t  on ly  a s  supplementary 
material  b u t  a l s o  s i n c e  they  a l low combined a n a l y s i s  of  t h e  a r e a  
w i t h  t h e  photometr ic  and r a d i o  as t ronomica l  d a t a  and were p e r -  
formed us ing  methods which were s i g n i f i c a n t l y  d i f f e r e n t .  

I n  p a r t i c u l a r ,  t h e  measurements of  t h e  con ten t  of  H Z O  and 
C 0 2  a l t i m e t r y  i n  our  experiments were performed i n  bands i n  t h e  
nea r  i n f r a r e d  a r e a ,  and t h e  r e s u l t s  of t h e  measurements were 
p r a c t i c a l l y  independent of t h e  v e r t i c a l  t empera ture  d i s t r i b u t i o n ?  
On Mariner ,  t h e  same d a t a  were produced us ing  bands i n  t h e  f a r  
i n f r a r e d  a r e a  of t h e  spectrum, which depends s o  s t r o n g l y  on t h e  
v e r t i c a l  temperature  p r o f i l e  t h a t  i t  can be observed i n  emission 
and i n  abso rp t ion  [ l o ] .  Although a n a l y s i s  of t h e  s p e c t r a  p ro -  
duced by I R I S  does y i e l d  t h e  v e r t i c a l  t empera ture  p r o f i l e  a t  t h e  
same t ime,  t h e  t a s k  i s  s i g n i f i c a n t l y  complicated and, probably ,  
does n o t  always a l low unambiguous s o l u t i o n .  The topographic  
m a t e r i a l  produced on Mariner 9 by u l t r a v i o l e t  photometry E l l ]  i s  
h i g h l y  v a l u a b l e  due t o  i t s  g l o b a l  coverage,  b u t  must be approached 
w i t h  c a u t i o n ,  s i n c e  it i s  s t r o n g l y  in f luenced  by h e t e r o g e n e i t i e s  
i n  t h e  d u s t  con ten t  of t h e  atmosphere. 

I n  t h e  fo l lowing ,  w e  w i l l  a t tempt  t o  p r e s e n t  a b r i e f  review 
of pub l i shed  d a t a  as w e l l  as our new r e s u l t s .  They r e f e r  t o  t h e  
f i r s t  s i x  s e s s i o n s  of Mars 3 .  
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We are g r a t e f u l  t o  N .  N .  Krupenio and I .  B. Drozdovskaya, who 
provided us  w i t h  t h e  r e s u l t s  of t h e  r a d i o  astronomy experiment 
b e f o r e  t h e i r  p u b l i c a t i o n .  

We a r e  a l s o  g r a t e f u l  t o  D.  Sneiderman (NASA) f o r  p rov id ing  us  
wi th  t h e  Mariner photographs of  t h e  s u r f a c e  of Mars i n  a r e a s  a long  
t h e  measurement t r a c k s  of  Mars 3 .  I n  many cases, they  he lped  our  
i n t e r p r e t a t i o n  of  our  measurements. Comparison of t h e s e  photo-  
graphs w i t h  t h e  photometr ic  curves  confirmed t h a t  t h e  t r a c k s  were 
de f ined  w i t h  t h e  accuracy o f  1-2O i n d i c a t e d  above, and t h e  p o s i -  
t i o n  of t h e  t r a c k s  may be r e f i n e d  s t i l l  f u r t h e r  i n  t h e  f u t u r e  
us ing  t h e  Mariner photographs.  

2 .  Direct R e s u l t s  of Measurement 

F igures  2-7 show t h e  r e s u l t s  o f  measurements f o r  s i x  t r a c k s  
r e l a t i n g  p r i m a r i l y  t o  t h e  s u r f a c e .  The i n f r a r e d  b r i g h t n e s s  
temperature  T B ,  s o i l  temperature  Tss ( a t  a depth  of a f e w  d e c i -  
meters)  measured by means of r a d i a t i o n  a t  3.4 c m ,  d i e l e c t r i c  
c o n s t a n t  8 ,  b r i g h t n e s s  i n  t h e  cont inuous spectrum (photometr ic  
p r o f i l e )  i n  t h e  nea r  i n f r a r e d  ( 1 . 4  u ) ,  a l t i t u d e  Z r e l a t i v e  t o  t h e  
6 mb l e v e l  a r e  p re sen ted .  Here f o r  comparison w i t h  t h e  measure- 
ment r e s u l t s  w e  a l s o  p r e s e n t  t h e  va lues  o f  v1 - -  t h e  cos ine  of  
t h e  z e n i t h  d i s t a n c e  t o  t h e  sun and Ts - -  t h e  t h e o r e t i c a l  mean 
d a i l y  temperature  o f  t h e  s u r f a c e .  

F igure  8 shows s e p a r a t e l y  t h e  a l t i t u d e s  f o r  2 7  December 1 9 7 1 .  
They a r e  s e p a r a t e d  due t o  t h e  f a c t  t h a t  t hey  c l e a r l y  r e l a t e  n o t  
t o  t h e  s u r f a c e  b u t  r a t h e r  t o  t h e  cloud cover  over  a s i g n i f i c a n t  
p o r t i o n  of t h e  t r a c k .  

F igures  9 - 1 4  show r e s u l t s  r e l a t i n g  p r i m a r i l y  t o  t h e  atmos- 
phere :  p r e s s u r e  P ,  p r o f i l e  of  H 2 0  c o n t e n t ,  b r i g h t n e s s  (photo- 
m e t r i c  p r o f i l e )  i n  t h e  n e a r  u l t r a v i o l e t  a t  3700 A. Here a l s o  we 
show t h e  b r i g h t n e s s  a t  wavelength 4940 A ,  which i s  determined by 
s c a t t e r i n g  bo th  by t h e  s u r f a c e  and by t h e  atmosphere and a t  
6940 A ,  which is  determined p r i m a r i l y  by t h e  s u r f a c e  ( a s  i s  t h e  
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b r i g h t n e s s  a t  1 . 4  11). This  comment i s  a c c u r a t e  on ly  f o r  
measurements performed a f t e r  t h e  end of t h e  d u s t  storm. On t h e  
t r a c k s  of  15 December 1 9 7 1  and 2 7  December 1971, t h e  b r i g h t n e s s  
i n  bo th  t h e  r e d  and n e a r  i n f r a r e d  areas r e s u l t  t o  a s i g n i f i c a n t  
e x t e n t  from r e f l e c t i o n  by t h e  d u s t  c louds .  

The method of  p rocess ing  of  t h e  i n f r a r e d  tempera tures  w a s  
desc r ibed  i n  [ l -31 .  Let  us r eca l l  t h a t  our  radiometer  u t i l i z e d  - / 5  
a wide f i l t e r  and i n  t h e  a r e a  of  t h e  fundamental abso rp t ion  band 
of C 0 2  ( ?  15 u ) ,  t h e  r a d i a t i o n  was determined by t h e  atmosphere,  
which, depending on s p e c i f i c  c o n d i t i o n s ,  may be c o l d e r  o r  w a r m e r  
t han  t h e  s u r f a c e .  I n  o r d e r  t o  cons ide r  t h e  i n f l u e n c e  of  t h e  
atmosphere i n  t h e  very  f i r s t  approximation i n  t h e  15 1-1 band, w e  
i n c r e a s e d  t h e  f l u x e s  measured by 50 (which y i e l d s  a tempera ture  
c o r r e c t i o n  of  about  1 % ) .  A c t u a l l y ,  t h e  magnitude and s i g n  of  
t h i s  c o r r e c t i o n  depend on t h e  l o c a l  t i m e ,  model of  t h e  atmos- 
phere and z e n i t h  angle  of  t h e  appa ra tus .  For t h e  f u t u r e ,  w e  
sugges t  t h a t  t h e  c o r r e c t i o n  f o r  a b s o r p t i o n  be de f ined  more 
p r e c i s e l y .  

The i n f r a r e d  b r i g h t n e s s  temperature  TB i s  q u i t e  similar t o  
t h e  k i n e t i c  tempera ture  of t h e  s u r f a c e  l a y e r  Ts.  
i gnor ing  t h e  d i f f e r e n c e  between Tt  and t h e  e f f e c t i v e  temperature  
T e ,  w e  have 

Ac tua l ly ,  

4 4 
TB = blTs 

where bl  i s  t h e  r a d i a t i o n  f a c t o r  i n  t h e  i n f r a r e d  band. 
measurements E121 f o r  t e r r e s t r i a l  m a t e r i a l s  y i e l d  bl = 0.95, so 
t h a t  i f  w e  assume t h e  same va lue  f o r  Mars, t h e  d i f f e r e n c e  of  TB 
and Te from Ts w i l l  be on t h e  o r d e r  of  1%. 
depends on bl q u i t e  weakly, as t h e  f o u r t h  r o o t .  
worse i n  t h e  r a d i o  band, where t h e  r e l a t i o n s h i p  

Laboratory 

The r a t i o  Tb/Ts 
The s i t u a t i o n  i s  

TB = b2Tss 



a p p l i e s .  Here t h e  e r r o r  due t o  u n c e r t a i n t y  i n  t h e  va lue  of b2  
( r a d i a t i o n  f a c t o r  i n  t h e  r a d i o  wave band) i s  somewhat g r e a t e r .  
However, t h e  r a d i o  experiment  was cons t ruc t ed  (measurement of 
two p o l a r i z a t i o n s )  such t h a t  i t  al lowed b2  and TB t o  be d e t e r -  
mined s e p a r a t e l y .  I n  p rocess ing  t h e  o b s e r v a t i o n s ,  it was assumed 
t h a t  t h e  s u r f a c e  of Mars can be r ep resen ted  a s  a smooth sphe re .  
The r a d i a t i o n  f a c t o r  f o r  t h e  sum of t h e  two p o l a r i z a t i o n s  i n  t h i s  
case  i s ,  accord ing  t o  F r e s n e l ' s  law, 

2 2 b2 = 1 - (dg ( z '  - z ) ) / ( d g  ( z '  + 2 ) )  - 

where z i s  t h e  z e n i t h  angle  of t h e  appa ra tus ,  z '  i s  de f ined  by t h e  - / 6  
r e l a t i o n s h i p  

s i n  z / s i n  z '  = h - & ( 4 )  

F igures  2 - 7  show t h e  va lues  of Tss and E s e p a r a t e l y .  The 
e r r o r s  i n  de t e rmina t ion  appa ren t ly  r e s u l t  from v a r i a t i o n s  between 
the  a c t u a l  s u r f a c e  and t h e  hypothes is  assumed of t h e  s u r f a c e  a s  a 
smooth sphe re .  Values t o o  high and t o o  low l e a d  t o  i nc reased  and 
decreased  va lues  of Tss r e s p e c t i v e l y .  
carded i f  w e  compare Tss w i th  t h e  mean d a i l y  s u r f a c e  temperature  

T,. 
be s i m i l a r .  
c a l c u l a t e d  by t h e  formula 

These p o i n t s  can be d i s -  

- 
F o r  Mar t ian  s o i l  we must expec t  t h a t  t h e s e  q u a n t i t i e s  should  

We have e n t e r e d  on Figures  2 - 7  t h e  va lues  of Ts a s  

- E O  1 - A  ) 1 / 4  
Ts = (7 bl cos z 

5ilr 
(5) 

where cos z a r e  t h e  mean d a i l y  va lues  of t h e  cos ine  o f  t h e  z e n i t h  
angle  of  t h e  sun ,  A i s  t h e  i n t e g r a l  a lbedo ,  Eo  i s  t h e  s o l a r  
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c o n s t a n t ,  r i s  t h e  d i s t a n c e  t o  t h e  sun i n  as t ronomica l  u n i t s .  
We assumed t h a t  1 - A/b4 = 1. 
Tss f a l l  below t h e  curve of Ts by approximately Z O O ,  which can be 
exp la ined  by inaccuracy  of  c a l i b r a t i o n .  

On t h e  average ,  t h e  va lues  of 

The method of  de t e rmina t ion  of p r e s s u r e s  and r e l a t i v e  a l t i -  
tudes  w a s  d e s c r i b e d  i n  [l, 2 ,  51, t h e  method of de te rmining  con- 
t e n t  of  water  vapor i n  [ 7 ] .  

Only r e l a t i v e  measurements of  b r i g h t n e s s  E were performed, 
b u t  i t  i s  s i g n i f i c a n t  h e r e  t h a t  t h e  scale of  b r i g h t n e s s e s  i s  t h e  
same f o r  a l l  s e s s i o n s .  The a b s o l u t e  b r i g h t n e s s  u n i t s ,  l a i d  o u t  on 
t h e  o r d i n a t e s  f o r  1 .38 1.1, were produced on t h e  assumption t h a t  i n  
t h e  s e s s i o n s  of  16 February 1 9 7 2  and 28 February 1 9 7 2  t h e  b r i g h t -  
ness i n  t h e  l i g h t  a r e a s  fo l lows  t h e  r u l e  of  Lambert and t h e  
b r i g h t n e s s  f a c t o r  ( v i s i b l e  a lbedo)  f o r  t h e  l i g h t  a r e a s  i s  0.41. 

The f a c t  t h a t  a d u s t  s torm was i n  p rocess  on Mars du r ing  t h e  
t i m e  when t h e  measurements began has  both  n e g a t i v e  and p o s i t i v e  
a s p e c t s .  The n e g a t i v e  a s p e c t  i s  obvious: t h e  presence  of t h e  d u s t  
c louds  h indered  photography of  t h e  s u r f a c e  and reduced t h e  p o s s i -  
b i l i t y  of  a number o f  o p t i c a l  experiments (HZO and GO2 photometry) 
dur ing  t h e  f i rs t  two s e s s i o n s .  However, t h e  d u s t  s t o r m  was a l s o  
u s e f u l ,  s i n c e  such broad c a p a b i l i t i e s  had never  b e f o r e  been p ro -  
v ided  f o r  t h e  s tudy  of t h e  n a t u r e  of t h i s  powerful and c u r i o u s  
phenomenon. 

- / 7  

3 .  When Did t h e  Dust Storm End and How Much Did i t  In f luence  t h e  
R e s u l t s  of Measurement? 

Acceptable  t e l e v i s i o n  images were produced by t h e  Mariner 
s p a c e c r a f t  q u i t e  r e g u l a r l y  beginning i n  l a t e  December; however, 
t o  t h e  e x t e n t  t h a t  can be judged from t h e  photographs a v a i l a b l e  t o  
u s ,  t h e  t r anspa rency  of t h e  Mart ian atmosphere cont inued  t o  
i n c r e a s e  du r ing  t h i s  t i m e .  

The change i n  t r anspa rency  w i t h  t i m e  can be t r a c e d  on our  
photometr ic  p r o f i l e s .  Table  2 p r e s e n t s  t h e  s e a / c o n t i n e n t  
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c o n t r a s t s  f o r  1 .38 1.1 dur ing  v a r i o u s  s e s s i o n s .  Here a l s o  w e  show 
t h e  c o s i n e s  of t h e  z e n i t h  ang le s  o f  t h e  sun and t h e  appa ra tus  
(u, and u 2 ) ,  and phase ang le s  a. The c o n t r a s t s  are  t h e  r a t i o  
(Bc - Bm)/Bc, where Bm i s  t h e  b r i g h t n e s s  of  t h e  maria ( s o l i d  
c u r v e ) ,  Bc i s  t h e  b r i g h t n e s s  of t h e  c o n t i n e n t s  ( d o t t e d  c u r v e ) ,  
y i e l d i n g  t h e  Lambert i n t e r p o l a t i o n  of  t h e  b r i g h t n e s s  l e v e l  c o r r e s -  
ponding t o  t h e  c o n t i n e n t .  Table  2 a l s o  p r e s e n t s  t h e  v a l u e s  o f  
b r i g h t n e s s  f a c t o r  Rmax cor responding  t o  t h e  d o t t e d  curve f o r  each 
t r a c k .  Obviously,  i n  g e n e r a l  t hey  dec rease  s y s t e m a t i c a l l y ,  15  
December showing Rmax 1 5 %  g r e a t e r  t h a n  i n  t h e  nex t  two s e s s i o n s  i n  
February.  

- / 8  

TABLE 2 

Ses s ion  '12 a Rmax 

15.12.71 0.25 M. Cimmerium -30 2 2 2  0 . 4 5 7  0 . 9 7 6  52 0 . 4 7  

0 9 . 0 1 . 7 2  0 .51 M .  Ergthraeum -23 29 0 . 6 0 6  0 . 9 9 9  54 0 . 4 4  
03.02.72 0.39 M. Cimmerium -30 2 1 5  0.826 0.855 56 0 . 4 5  

28.02.72 0.55 M. Ergthraeum 0 2 5  30 0,671 0 . 9 1 5  59 0 . 4 1  

2 7 . 1 2 . 7 1  0.32 Lap ig ia  - 2 6  304 0.535 0 . 9 9 2  53 0 . 4 5  

1 6 . 0 2 . 7 2  0.56 Lap ig ia  - 2 5  299  0.872 0.816 57 0 . 4 1  

On 9 January  1 9 7 2 ,  t h e  mare /cont inent  c o n t r a s t s  were s imi l a r  
t o  t h e  v a l u e s  achieved  i n  t h e  February s e s s i o n s ,  a l though t h e r e  
s t i l l  i s  some d i f f e r e n c e .  

The t r anspa rency  of  t h e  atmosphere obvious ly  depends on 
l a t i t u d e .  A t  l a t i t u d e s  s o u t h  of  50' i n  s e s s i o n s  on 15  and 2 7  
December t h e  B(1.38) p r o f i l e  c o n t a i n s  a l a r g e r  q u a n t i t y  of  f i n e  
d e t a i l s ,  whereas n e a r  t h e  e q u a t o r  t h e r e  are  no such f i n e  d e t a i l s ,  
t h e  maria showing as smooth minima. On 1 5  December, t h e  r e d  
p r o f i l e  (6940 A) shows Prometer S i n u s ,  b u t  Mare Cimmerium i s  n o t  
v i s i b l e  a t  a l l .  

The g e n e r a l  impress ion  i s  t h a t  on 15  and 2 7  December 1 9 7 1 ,  
t h e  d u s t  c o n t e n t  of  t h e  atmosphere was s o  h i g h  tha t  t h e  r e s u l t s  
of  measurement o f  p r e s s u r e  and a l t i t u d e  and H 2 0  c o n t e n t  f o r  
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l a t i t u d e s  n o r t h  of  40° are s t r o n g l y  d i s t o r t e d  by t h e  d u s t  s torm.  
The similar r e s u l t s  f o r  9 January  1 9 7 2  s t i l l  c o n t a i n  some uncer -  
t a i n t y .  
t h e  f i r s t  s e s s i o n s  a r e  i l l u s t r a t e d  by d o t t e d  l i n e s ,  and t h e s e  
curves are n o t  p r e s e n t e d  a t  a l l  f o r  2 7  December 1 9 7 2 ,  s i n c e  t h e  
e q u i v a l e n t  widths  of t h e  C 0 2  bands were ve ry  s l i g h t  on t h i s  
s e s s i o n .  A s e p a r a t e  f i g u r e  (F igure  8) shows t h e  a l t i t u d e s  f o r  
t h i s  s e s s i o n ,  which were subsequent ly  used t o  determine t h e  
a l t i t u d e s  of  t h e  upper boundary of  t h e  c louds .  

The re fo re ,  t h e  p r e s s u r e s ,  a l t i t u d e s  and H,20 c o n t e n t s  f o r  

The a l t i t u d e s  determined i n  t h e  s e s s i o n s  of 15 December 1 9 7 1  
and 9 January  1 9 7 2  can probably be used w i t h  c a u t i o n  a s  q u a l i t a -  
t i v e  c h a r a c t e r i s t i c s  of  t h e  r e l i e f .  

The i n f r a r e d  tempera ture ,  determined fronr t h e  r a d i a t i o n  i n  
t h e  8 - 4 0  1-1 band, even f o r  t h e  December s e s s i o n s , r e l a t e s  t o  t h e  
s u r f a c e .  Two f a c t o r s  i n d i c a t e  t h i s :  

1)  The t r anspa rency  of  t h e  atmosphere c l e a r l y  i n c r e a s e s  w i t h  
wavelength upon t r a n s i t i o n  from 0 . 7  t o  1 . 4  1-1. I f  t h i s  i s  
expla ined  by t h e  small dimsensions of t h e  p a r t i c l e s ,  which i s  
most  p robab le ,  f o r  r a d i a t i o n  w i t h  A > 8 v ,  t h e  d u s t  c louds  should  

2) The dependence of temperature  on l o c a l  t i m e  ag rees  r a t h e r  
w e l l  w i t h  t h e  t h e o r e t i c a l  dependence c a l c u l a t e d  wi thou t  cons ide r -  
ing  r a d i a t i o n  of  t h e  atmosphere. The d i f f e r e n c e  i s  only t h a t  t h e  
measured tempera ture  curve i s  somewhat lower than  t h e  t h e o r e t i c a l  
curve ,  which i s  exp la ined  by t h e  abso rp t ion  of  s o l a r  r a d i a t i o n  i n  
t h e  d u s t  c louds  [l, 2 ,  3 ,  61. This  means t h a t  t h e  o p t i c a l  t h i c k -  
ness  of  t h e  d u s t  c louds  i n  t h e  A > 8 1-1 area i s  s l i g h t .  

be f u l l y  t r a n s p a r e n t .  - / 9  

4. Su r face  of Mars: Temperature, S o i l  Dens i ty ,  A l t i t u d e .  

e and -Thermal P r o p e r t i e s  " O F  Sur face  Layer 

The t h e o r e t i c a l  e f f e c t i v e  tempera tures  of t h e  s u r f a c e  Te were 
1 / 2  c a l c u l a t e d  f o r  v a r i o u s  va lues  of  thermal  i n e r t i a  c o n s t a n t  (kpe) . 

For va lues  o f  i n t e g r a l  a lbedo A = 0 . 2 5  ( l i g h t  a r e a s )  and A = 0.15 
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(dark areas). 
1972 are satisfactority approximated by the theoretical curves 
with (kpe) '" = 0.006 cal cm-' sec 
The exceptions are the latitudes $I > +40°, where the measured 
temperatures are much lower than the theoretical temperatures, 
near the condensation point of C02 at latitudes $I - > +50°. 

The profiles of TB for 1 6  February and 28 February 

deg-' (Figures 15 and 16). -1/2 

An elevated value of thermal inertia factor (0.008) occurs 
in the region of the compact dark area Cerberus. The precise 
correlation between TB and brightness B (1.38) is obvious. 
with lower brightness (lower reflective capacity) have higher 
temperatures. 

Areas 

During the dust storm (15 and 27 December 1971), the surface 
temperature was lower than the "normal" temperature [l, 2, 3 ,  61 ; 
this is also indicated by the Mariner measurements [13] and 
terrestrial observations by the author and his colleagues [14]. 

Temperature, Dielectric Constant and Density of Soil (Results 
of Radio Astronomy Experiment) 

The soil temperature at a depth of a few decimeters agrees 
satisfactorily with the calculated mean daily temperatures. As 

tions in soil temperature. If we discard the sectors where the 
temperature Tss differs sharply from the calculated Ts, the mean 
value of dielectric constant 

would be expected, there are no indications of daily fluctua- /10 

E '  = 4 k 1, 

which corresponds to the normal (z = 0) radiation factor E = 0.9. 

The dielectric constant for most dehydrated terrestrial 
minerals, as Krotikov has shown [lS], is related to soil density 
p by the relationship 

-2 
p = 2(G - 1) g cm , 
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from which f o r  t h e  d e n s i t y  of t h e  Mar t ian  s o i l  w e  have t h e  
e s t i m a t e  

-2  p = 2 g c m .  

Comparing B (1.38 11) and E on t h e  t r a c k s  of 9 January  1 9 7 2  through 
28 February 1 9 7 2 ,  we can s e e  t h a t  i n  t h e  dark a r e a s  t h e r e  i s  a 
tendency toward h ighe r  E (and, consequent ly ,  d e n s i t y ) .  

A l t i t u d e s  

The a l t i t u d e  p r o f i l e s  a l s o  c o r r e l a t e  w i th  b r i g h t n e s s ,  though 
t o  a l e s s e r  e x t e n t  t han  t h e  i n f r a r e d  tempera tures ,  bu t  t h e r e  i s  
doub t l e s s  a c o r r e l a t i o n .  This  c o r r e l a t i o n  i s  no t  always p r e c i s e  
and i n  t h e  f i r s t  p u b l i c a t i o n s  11, 2 ,  5 1 ,  no a t t e n t i o n  was tu rned  
t o  it. Comparing t h e  a l t i t u d e  p r o f i l e s  and b r i g h t n e s s  p r o f i l e s ,  
on F igures  2 - 7  we can n e v e r t h e l e s s  s e e  t h a t  t h e  da rke r  reg ions  a r e  
most  f r e q u e n t l y  h i g h e r  than  ne ighbor ing  l i g h t e r  r eg ions .  

The a l t i t u d e s  r e l a t i v e  t o  t h e  6 mb l e v e l  on our t r a c k s  f a l l  
between - 1 . 5  and 6 km. The h i g h e s t  a r e a s  a r e  l o c a t e d  i n  Mare 
A u s t r a l i s  ( t r a c k  of 9 January  1 9 7 2 ,  5 - 6  km), [ i l l e g i b l e ]  ( t r a c k  o f  
1 6  February 1 9 7 2 ,  about  4 km), [ i l l e g i b l e ]  ( t r a c k  of  28 February 
1 9 7 2 ,  about  4 km), whi le  t h e  l o w e s t  a r e  i n  [ i l l e g i b l e ]  ( t r a c k  of 
1 6  February 1 9 7 2 ,  about  -1 km), Chrise  [ ? I  ( t r a c k  of 28 February 
1972).  The t r a c k s  o f  1 6  and 2 8  February 1 9 7 2 ,  reaching  f a r  i n t o  
t h e  n o r t h e r n  l a t i t u d e s ,  show a tendency toward s y s t e m a t i c  reduc-  
t i o n  i n  a l t i t u d e  i n  t h e  no r the rn  hemisphere.  This i s  a l s o  i n d i -  
c a t e d  by t h e  r a d i o  o c c u l t a t i o n  experiments  of Mariner [15] .  

5.  The Atmosphere of Mars: P res su re ,  Water Vapor, Dust Storm, /11 
High-Lat i tude  Clouds 

Pres  s u r e  

The a b s o l u t e  va lues  o f  p r e s s u r e  determined from our observa-  
t i o n s  a r e  i n s u f f i c i e n t l y  r e l i a b l e  f o r  f i n a l  conclus ion;  however, 
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t h e  impression i s  c r e a t e d  t h a t  t h e  6 mb va lue  i s  somewhat h i g h e r  
t han  t h e  mean a c t u a l  va lue .  I t  i s  a p p a r e n t l y  c l o s e r  t o  5-5.5 mb. 
The p r e s s u r e s  measured over  a l l  t r a c k s  vary  from 3.5 t o  7 mb. 

Radio o c c u l t a t i o n  obse rva t ions  of Mars 2 y i e l d  p r e s s u r e s  of 
5-10 mb [ 8 ] ;  t h e s e  r e s u l t s  w i l l  a p p a r e n t l y  be r e f i n e d .  

Water Vapor 

On t h e  t r a c k s  of 1 6  February 1 9 7 2  and 28 February 1 9 7 2 ,  t h e  
c o n t e n t  of wa te r  vapor i n  t h e  atmosphere reached Uo = 6-8 u p r e -  
c i p i t a t e d  water. Mariner 9 [ 1 2 ]  and t e r r e s t r i a l  obse rva t ions  
performed a t  t h e  same t i m e  [16] y i e l d  about  1 0  1.1 p r e c i p i t a t e d  
water  a s  an average f o r  Mars. The agreement can be cons idered  
s a t i s f a c t o r y ,  cons ide r ing  t h e  p o s s i b i l i t y  of geographic  and t i m e  
f l u c t u a t i o n s  ( a s  w e l l  as v a r i a t i o n s  i n  our  c a l i b r a t i o n ) .  The 
i n c r e a s e  i n  Uo dur ing  t h e  p e r i o d  from December through February,  
recorded  by measurements on Mars 3,was independent ly  confirmed by 
t e r r e s t r i a l  obse rva t ions  [16] .  There i s  some c o r r e l a t i o n  between 
t h e  water con ten t  i n  t h e  v e r t i c a l  column and t h e  p r e s s u r e ,  as 
would be expected w i t h  no s a t u r a t i o n  ( r e l a t i v e  humidity on t h e  
o r d e r  of a few p e r c e n t )  everywhere except  i n  t h e  c o l d  a r e a s  of  
t h e  n o r t h e r n  hemisphere.  The sha rp  dec rease  i n  mois ture  i n  t h e  
l a t i t u d e s  n o r t h  of +50° is  accompanied by t h e  formation of  t h e  
p o l a r  a r e a  c louds ,  which s t r o n g l y  s c a t t e r  UV r a d i a t i o n  ( see  
F igure  13 ) .  On t h e  average ,  t h e  c o n t e n t  of water  vapor i n  t h e  
atmosphere of Mars du r ing  t h e  measurements was s e v e r a l  times less  
than  du r ing  t h e  same season  i n d i c a t e d  by t e r r e s t r i a l  obse rva t ions  
dur ing  p rev ious  o p p o s i t i o n s .  

Dust Storm 

We w i l l  touch upon t h r e e  q u e s t i o n s  - -  t h e  a l t i t u d e  of t h e  
c louds ,  dimensions of  p a r t i c l e s  and t h e  i n f l u e n c e  of t h e  d u s t  
s torm on t h e  thermal  mode on t h e  s u r f a c e .  
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a)  A l t i t u d e  of  Clouds 

On the t r a c k  o f  2 7  December 1 9 7 1  ( i n  the area t o  t h e  n o r t h  of 
- 3 0 ° ) ,  process ing  o f  t h e  obse rva t ions  of  t h e  COz photometer u s ing  
t h e  s t a n d a r d  method showed very  low v a l u e s  o f  p r e s s u r e  ( a s  l i t t l e  
as 2 mb) and a l t i t u d e  (up t o  10-15 km). I t  was n a t u r a l  t o  assume 
t h a t  t h e s e  p r e s s u r e s  and a l t i t u d e s  r e l a t e  t o  some e f f e c t i v e  
r e f l e c t i n g  l e v e l  i n  t h e  c louds .  Thus, t h e i r  a l t i t u d e  i s  on t h e  
o r d e r  o f  t h e  a l t i t u d e  of the homogeneous atmosphere o f  t h e  p l a n e t .  
S i m i l a r  r e s u l t s  were produced by t e r r e s t r i a l  obse rva t ions  made by 
t h e  au tho r  and 0. G .  Taranova [ 1 7 ] ,  a s  w e l l  a s  Parkinson and 
Hunten [18].  The d i s t r i b u t i o n  of tempera ture  w i t h  a l t i t u d e  p ro -  
duced i n  t h e  two Mariner experiments (IRIS, s e e  [ l o ] ,  and t h e  
r a d i o  o c c u l t a t i o n  measurements [ 1 5 ] ) ,  independent ly  i n d i c a t e d  
g r e a t  a l t i t u d e  o f  t h e  c louds .  

b) Estimate of  Dimensions of P a r t i c l e s  

We w i l l  d i s c u s s  t h i s  problem i n  somewhat g r e a t e r  d e t a i l ,  
s i n c e  t h e r e  i s  a c o n t r a d i c t i o n  h e r e  between v a r i o u s  a u t h o r s .  
Moroz e t  a l .  [l, 2 71 g ive  t h e  e s t i m a t e  

y = 1 p .  

A s i m i l a r  va lue  i s  r e p o r t e d  by Pang and Hold [ 1 9 ]  

y = 2 p .  

A cons ide rab ly  l a r g e r  r a d i u s  i s  given by Leovy e t  a l .  [20] 

A l l  t h r e e  e s t i m a t e s  are based on photometr ic  arguments. O f  
cou r se ,  d u s t  c louds  are heterogeneous i n  d i f f e r e n t  a r e a s  and 
p a r t i c l e s  of d i f f e r e n t  dimensions may be p r e s e n t  a t  d i f f e r e n t  
a l t i t u d e s .  However, t h e  method used by t h e  au tho r s  of  [20] i s  

1 3  



o b j e c t i o n a b l e  i n  p r i n c i p l e .  The i r  arguments can be  reduced t o  
t h e  fo l lowing:  

1 )  The albedo of  t h e  c louds  i n  t h e  v i s i b l e  area of  t h e  
spectrum i s  s l i g h t  ( =  0.13) ;  t h e r e f o r e ,  t h e  albedo of s i n g l e  
r e f l e c t i o n  i s  s l i g h t .  The albedo of s i n g l e  r e f l e c t i o n  i s  l e s s ,  
t h e  g r e a t e r  t h e  dimensions of  t h e  p a r t i c l e s .  Without p r e s e n t i n g  /13  
c a l c u l a t i o n s ,  t h e  au tho r s  o f  [ Z O ]  s t a t e  t h a t  t h e  observed albedo 
can b e  achieved only  w i t h  dimensions of  s e v e r a l  t e n s  of  microns.  

ing  t h a t  t h e  s u r f a c e  l a y e r  c o n s i s t s  of  g r a i n s  measuring s e v e r a l  
t e n s  of  microns.  The au tho r s  of [ Z O ]  cons ide r  i t  n a t u r a l  t o  
expec t  t h a t  t h e  d u s t  c louds  would c o n s i s t  o f  p a r t i c l e s  of t h e  same 
s i z e .  

2 )  There a r e  photometr ic  and r a d i o m e t r i c  arguments i n d i c a t -  

Ne i the r  argument seems convincing t o  u s .  The same p a r t i c l e s  
have much g r e a t e r  one-time s c a t t e r i n g  albedo i n  t h e  r e d  and nea r  
i n f r a r e d  a r e a s  o f  t h e  spectrum, and obvious ly  t h e  g r a i n s  of t h e  
s u r f a c e  l a y e r  might be much g r e a t e r  t han  t h e  mean d iameter  of 
p a r t i c l e s  suspended i n  t h e  atmosphere. 

Our e s t i m a t e  i s  based on t h e  s imple f a c t  t h a t  t h e  t r a n s -  
parency o f  t h e  c louds  a t  1 . 4  p wavelength i s  s i g n i f i c a n t l y  
g r e a t e r  t han  a t  0.7 p. This  can be p a r t i c u l a r l y  c l e a r l y  seen  
from comparison of  t h e  r e d  ( 0 . 6 9 4  p) and i n f r a r e d  (1.38 p) pro -  
f i l e s  of 1 5  December 1 9 7 1 .  S ince  t h e  albedo of  t h e  c louds  (and 
consequent ly  t h e i r  t r u e  abso rp t ion )  a t  t h e s e  wavelengths i s  
p r a c t i c a l l y  i d e n t i c a l ,  t h e  d i f f e r e n c e  i n  t r anspa rency  can be  
exp la ined  only by t h e  r a t h e r  small r a t i o  of  r a d i u s  t o  wavelength.  
An approximate q u a n t i t a t i v e  a n a l y s i s  g ives  us  t h e  e s t i m a t e  p r e -  
s e n t e d  above of  y = 1 p. 

The o p t i c a l  t h i c k n e s s  

T azdZ 
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(where a z  i s  t h e  e x t i n c t i o n  f a c t o r )  t o  e x p l a i n  t h e  obse rva t ions  of 
1 5  December 1 9 7 1  a t  t h i s  r a d i u s  should be about  3 f o r  1 . 4  p and 
over  6 f o r  0 . 7  p. 

Anjaccura te  mean estimate o f  t h e  p a r t i c l e  diameter  i s  ve ry  
impor tan t  f o r  t h e  e n t i r e  concept of t h e  d u s t  s torm.  I f  t h e  p a r -  
t i c l e  d iameter  i s  on t h e  o r d e r  o f  1 p, t hey  could be suspended i n  
t h e  atmosphere on t h e  o r d e r  of 1 0 0  days,  and long-term suppor t  of 
d u s t  c louds  would n o t  r e q u i r e  s t r o n g  v e r t i c a l  movement i n  t h e  
atmosphere. I n  t h i s  c a s e ,  t h e  d u s t  s torm i s  a s torm i n  t h e  d i r e c t  
s ense  o f  t h e  word on ly  i n  i t s  i n i t i a l  s t a g e ,  a f t e r  which t h e  wind / 1 4  
speed dec reases  and t h e  second phase ,  t h e  phase of slow s e t t l i n g ,  
begins .  

v 

I f ,  however, t h e  e s t i m a t e  of Leovy and h i s  co l l eagues  i s  
c o r r e c t ,  and t h e  p a r t i c l e s  are l a r g e r ,  t h e  s e t t l i n g  t i m e  would be 
b u t  a f e w  days and s t r o n g  atmospheric  movement would be r e q u i r e d  
throughout  t h e  e n t i r e  p e r i o d  over  which t h e  d u s t  c louds  were obse r -  
ved i n  o r d e r  t o  suppor t  t h e  c louds .  

The o p t i c a l  t h i c k n e s s  T = 3,  y = c m  w i th  d e n s i t y  
p = 3 g cm-’ y i e l d s  a d u s t  mass i n  a column w i t h  a c r o s s  s e c t i o n  
of 1 c m 2  o f  about  
1 0  t o n s  i n  t h e  atmosphere of  t h e  e n t i r e  p l a n e t .  

g cm-’, corresponding t o  a d u s t  mass of 
3 

c) In f luence  of  Dust Storm on t h e  Thermal Mode of t h e  P l a n e t  

As  was i n d i c a t e d ,  t h e  temperature  of t h e  s u r f a c e  drops du r ing  
t h e  t ime of  a d u s t  storm. This  i s  a r e s u l t  o f  t h e  h i g h e r  t r a n s -  
parency o f  t h e  d u s t  c louds f o r  outgoing longwave r a d i a t i o n  of t h e  
p l a n e t  t han  f o r  shortwave s o l a r  r a d i a t i o n .  I t  i s  n a t u r a l  t o  r e f e r  
t o  t h i s  phenomenon as t h e  an t i -g reenhouse  e f f e c t ,  s i n c e  it i s  
oppos i t e  i n  s i g n  t o  t h e  greenhouse e f fec t .  Semiquan t i t a t ive  a n a l -  
y s i s  of  t h e  h e a t  ba lance  of  t h e  p l a n e t  w i t h  t h e  an t i -greenhouse  
e f f e c t  was performed i n  t h e  work of  Ginzburg [ Z l ] .  

15 



High-Lat i tude  Clouds 

On t h e  t r a c k s  of  1 6  February 1 9 7 2  and 28 February 1 9 7 2 ,  t h e  
u l t r a v i o l e t  p r o f i l e s  show a sharp  i n c r e a s e  i n  b r i g h t n e s s  as l a t i -  
tudes  of  about  35-40' are crossed .  The Mariner photographs p ro -  
duced i n  t h e  same a r e a s  a f e w  days l a t e r  show b r i g h t  c louds h e r e .  
These c louds  are p r a c t i c a l l y  n o t  s een  i n  t h e  nea r  i n f r a r e d  a r e a  
of t h e  spectrum, which i n d i c a t e s  t h e  fo l lowing:  

1 )  p a r t i c l e  dimensions were small (some t e n t h s  of a micron);  
2)  t h e  c louds  are f u l l y  t r a n s p a r e n t  f o r  s u r f a c e  r a d i a t i o n  

i n  t h e  f a r  i n f r a r e d  a r e a ,  s o  t h a t  t h e  temperature  measured h e r e  i s  
t h a t  of  t h e  s u r f a c e .  

Although t h e  s u r f a c e  temperature  i n  t h i s  area i s  nea r  t h e  
condensat ion p o i n t  of C 0 2 ,  t h e  h i g h - l a t i t u d e  clouds do n o t  neces-  
s a r i l y  c o n s i s t  o f  s o l i d  carbon d iox ide ,  s i n c e  a temperature  i n v e r -  
s i o n  may occur  h e r e .  
vapor d i sappea r s  h e r e .  The 5-10 microns of p r e c i p i t a t e d  water  i n  
t h e  form of s m a l l - r a d i u s  ice  p a r t i c l e s  could provide  o p t i c a l  t h i c k -  
nes s  T > 1, a s  seen  i n  t h e  shortwave p o r t i o n  of  t h e  spectrum. 

/ 1 5  
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Figure 12. Results of Measurements of 3 February 1972. Symbols 
Same as on Figure 9. 
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Dear Reader: 

We had t o  leave t h i s  page blank i n  order t o  make t h e  following 2-page wide 
f igures  spread out r i gh t .  
any notes you might l i k e  t o  take.  

Therefore, w e  provide here a l i t t l e  space f o r  

NOTES : 
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Footnotes  t o  Table  1. 

x. Corresponds t o  wid th  of  r a d i a t i o n  p a t t e r n  a t  0 .5  l e v e l ,  range 
1 5 0 0  km, and ze ro  z e n i t h  angle  of  o r b i t a l  appa ra tus .  Measurements 
were performed f o r  v i s u a l  range C 0 2  photometer a t  i n t e r v a l s  of  
36 sec (140 km a t  p e r i c e n t e r )  and averaged f o r  1 2  sec i n t e r v a l  
(about 50 km). I n  o t h e r  cases, cont inuous p r o f i l e s  were 
recorded.  

xx. 
l a b o r a t o r y  measurements. 

Absolute  c a l i b r a t i o n  f o r  H 2 0  i s  t o  be r e f i n e d  by a d d i t i o n a l  

xxx. Grea te r  e r r o r s  may occur  due t o  n o n l i n e a r i t y  of  s c a l e  
( l o g a r i t h m i c  photometer) .  
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